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Description 

1 . Field of the Invention 

[0001] The present invention relates generally to the 5 
field of medical devices, and more particularly, to encap- 
sulation of stents. 

2. Description of Related Art 

w 

[0002] Stents and related endoluminal devices are 
currently used by medical practitioners to treat portions 
of the vascular system that become so narrowed that 
blood flow is restricted. Stents are tubular structures, 
usually of metal, which are radially expandable to hold *5 
a narrowed blood vessel in an open configuration. Such 
narrowing (stenosis) occurs, for example, as a result of 
the disease process known as arteriosclerosis. Angi- 
oplasty of a coronary artery to correct arteriosclerosis 
may stimulate excess tissue proliferation which then 20 
blocks (restenosis) the newly reopened vessel. While 
stents are most often used to "prop open" blood vessels, 
they, can also be used to reinforce collapsed or nar- 
rowed tubular structures in the respiratory system, the 
reproductive system, biliary ducts or any other tubular 25 
body structure. However, stents are generally mesh-like 
so that endothelial and other cells can grow through the 
openings resulting in restenosis of the vessel. 
[0003] Polytetrafluoroethylene (PTFE) has proven 
unusually advantageous as a material from which to fab- 30 
ricate blood vessel grafts or prostheses used to replace 
damaged or diseased vessels. This is partially because 
PTFE is extremely biocompatible causing little or no im- 
munogenic reaction when placed within the human 
body. This is also because in its preferred form, expand- 35 
ed PTFE (ePTFE), the material is light and porous and 
is potentially colonized by living cells becoming a per- 
manent part of the body. The process of making ePTFE 
of vascular graft grade is well known to one of ordinary 
skill in the art. Suffice it to say that the critical step in this 40 
process is the expansion of PTFE into ePTFE following 
extrusion from a paste of crystalline PTFE particles. Ex- 
pansion represents a controlled longitudinal stretching 
in which the PTFE is stretched up to several hundred 
percent of its original length. During the expansion proc- *s 
ess fibrils of PTFE are drawn out of aggregated PTFE 
particle (nodes), thereby creating a porous structure. 
[0004] If stents could be enclosed in ePTFE, cellular 
infiltration could be limited, hopefully preventing or lim- 
iting restenosis. Early attempts to produce a stent en- so 
shrouded with ePTFE focused around use of adhesives 
or physical attachment such as suturing (see for exam- 
ple U.S. Patent No. 5,405,377 to Cragg). However, such 
methods are far from ideal, and suturing, in particular, 
is very labor intensive. More recently, methods have 55 
been developed for encapsulating a stent between two 
tubular ePTFE members whereby the ePTFE of one- 
member contacts and bonds to the ePTFE of the other 
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member through the openings in the stent These meth- 
ods are disclosed in recent publications WO 98/38947 
and WO 96/28115. However, such a monolithically en- 
capsulated stent tends to be rather inflexible. In partic- 
ular, radial expansion of the stent may stress and tear 
the ePTFE. There is a continuing need for a stent that 
is encapsulated to prevent cellular intrusion and to pro- 
vide a smooth inner surface blood flow and yet still ca- 
pable of expansion without tearing or delaminating and 
is relatively more flexible. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to encapsu- 
lated stents wherein flexibility of the stent is retained, 
despite encapsulation. 

[0006] It is an object of this invention to provide a stent 
device that has improved flexibility, yet maintains its 
shape upon expansion. 

[0007] It is also an object of this invention to provide 
a stent encapsulated to prevent cellular infiltration 
wherein portions of the stent can move during radial ex- 
pansion without stressing or tearing the encapsulating 
material. 

[0008] These and additional objects are accom- 
plished by an encapsulation process that leaves por- 
tions of the stent free to move during expansion without 
damaging the ePTFE covering. The most basic form of 
this invention is produced by placing a stent over an in- 
ner ePTFE member (e.g., supported on a mandrel) and 
then covering the outer surface of the stent with an outer 
ePTFE tube into which slits have been cut. The outer 
ePTFE tube is then laminated to the inner ePTFE 
through openings in the stent structure to capture the 
stent. By selecting the size and location of the slits it is 
possible to leave critical parts of the stent unencapsu- 
lated to facilitate flexibility and expansion. Not only does 
the slit prevent capture of the underlying PTFE, it forms 
a focal point for the PTFE to flex. A more complex form 
of the process is to place over the stent an ePTFE sleeve 
into which apertures have been cut. This "lacey" outer 
sleeve leaves portions of the stent exposed for in- 
creased flexibility and for movement of the stent portions 
during expansion without damaging the ePTFE. Al- 
though a single stent can be used, these approaches 
lend themselves to use of a plurality of individual ring 
stents spaced apart along an inner ePTFE tube and cov- 
ered by a "lacey" ePTFE sleeve. 
[0009] In the present invention, individual ring stents 
are partially encapsulated using the procedure outlined 
above. Preferably, ring stents of zigzag sinusoidal struc- 
ture are placed "in phase" (e.g., peaks and valleys of 
one stent aligned with those of a neighboring stent) on 
the surface of a tubular ePTFE graft supported by a 
mandrel. A sleeve of ePTFE is cut using C0 2 laser so 
that openings are created, resulting in a "lacey" pattern. 
This "lacey" sleeve is then placed over the ring stents. 
The resulting structure is then subjected to heat and 



2 



3 



EP1 148 843 B1 



4 



pressure so that regions of ePTFE become laminated 
or fused together where the Iacey sleeve contacts the 
tubular graft. In addition, the ends of the stent can be 
completely encapsulated, by known methods, to stabi- 
lize the overall structure. 

[0010] A more complete understanding of the encap- 
sulation process will be afforded to those skilled in the 
art, as well as a realization of additional advantages and 
objects thereof, by a consideration of the following de- 
tailed description of the preferred embodiment. Refer- 
ence will be made to the appended sheets of drawings 
which will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a perspective view of a tubular ePTFE 
member with individual ring stents arranged there- 
on. 

Fig. 2 is a perspective view of the "Iacey" sleeve of 
the present invention. 

Fig. 3 is a perspective view of the sleeve in Fig. 2 
placed over the structure of Fig. 1 . 
Fig. 4 is a perspective view of one configuration of 
the slitted sleeve of the present invention with lon- 
gitudinally oriented slits. 

Fig. 5 is a perspective view of a second configura- 
tion of the slitted sleeve of the present invention with 
circumferentially oriented slits. 
Fig. 6 is a perspective view of a third configuration 
of the slitted sleeve as it is placed over the structure 
in Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[001 2] The present invention satisfies the need for an 
encapsulated stent device to prevent restenosis that is 
flexible upon expansion and contraction so that the gen- 
eral structural form is retained. This is accomplished en- 
capsulating a stent or a plurality of stent rings using an 
ePTFE covering into which openings have been cut. 
[0013] Referring now to the drawings, in which like ref- 
erence numbers represent similar or identical structures 
throughout, Fig. 1 illustrates an initial step in construct- 
ing the partially encapsulated stent of the present inven- 
tion. A tubular ePTFE graft 20 is placed over a mandrel 
for the assembly of a device 10 (Fig. 3). A stent is then 
placed over the graft 20. In a preferred embodiment, as 
shown in Fig. 1 , a series of zigzag sinusoidal ring stents 
30 are placed over the outer surface of the graft 20. Al- 
ternatively, one or more stents wherein each stent com- 
prises more than one ring or hoop (e.g., where the rings 
are helically connected) can be used. The ring stents 30 
can be made of any material but a preferred material is 
metal. The zigzag ring stents 30 may be assembled "in 
phase" with each adjacent ring stent having peaks and 



valleys aligned. Alternatively, the individual stents 30 
can be "out of phase" to different degrees. It will be ap- 
parent that the phase relation of adjacent stents 30 will 
alter the lateral flexibility as well as the longitudinal com- 
5 possibility of the structure. The phase relationship can 
be varied along the length of the device 10, thereby al- 
tering the physical properties in different portions of the 
device 10. Having individual ring stents 30, as opposed 
to a single tubular stent, provides the advantage that the 
10 periodicity, or the number and precise shape of the zig- 
zags per ring, can readily be varied along the length of 
the graft to influence flexibility and stability properties of 
the structure. Also, spacing of the individual stents 
(number of stents per unit length) as well as the phase 
15 relationship of stent to stent can be varied to produce 
stent grafts with desired properties. By placing the ring 
stents 30 over the outer surface of the tubular ePTFE 
graft 20, the resulting structure has an inner (luminal) 
surface that is completely smooth to facilitate the flow 
20 of blood. However, there may be instances where the 
ring stents 30 or other tubular stents are advantageously 
placed in contact with the inner graft surface or on both 
the inner and outer surfaces, as one of ordinary skill in 
the art will readily appreciate. 
25 [001 4] Fig. 2 shows the structure of a "Iacey" graft 40 
comprising a sleeve of ePTFE 42 into which apertures 
have been cut. This "Iacey" graft 40 is placed over the 
ring stents 30 in the preferred embodiment. The "Iacey" 
graft 40 is created by cutting openings 44 in a tubular 
30 ePTFE sleeve 42. The openings 44 were cut into the 
sleeve by a C0 2 laser, although any other cutting tech- 
nology could readily be employed. The "Iacey" graft 40 
is slid over the ring stents 30 and the underlying tubular 
graft 20 to form the preferred device 10 shown in Fig. 3. 
35 The device 10 is then exposed to heat and pressure, 
such as that caused by wrapping with PTFE tape fol- 
lowed by heating in an oven, thereby causing the ePTFE 
regions of the "Iacey" graft 40 to fuse or laminate to the 
tubular graft 20 wherever they touch each other. It 
40 should be appreciated that the circumferential sections 
of ePTFE 46 that are placed over the ring stents 30 can 
encompass many different designs. As illustrated, a 
sleeve 42 with openings 44 cut out is one way of accom- 
plishing the goal of flexibility and stability. The openings 
45 44 between the circumferential sections of ePTFE 46 
can be altered to control the degree of flexibility and sta- 
bility desired. In the preferred embodiment shown in Fig. 
3, the "Iacey" graft 40 forms a number of circumferential 
sections 46, which are intended to cover a portion of the 
so circumference of each ring stent 30, leaving the ends of 
the zigzags uncovered. By circumferentially covering 
only a portion of each ring stent 30, the maximum 
amount of lateral flexibility is provided. 
[0015] However, circumferentially covering the indi- 
55 vidual ring stents 30 without any longitudinal support 
would result in a structure with little longitudinal strength 
and stability that would be prone to "telescoping". Thus, 
the longitudinal sections 48 that connect the circumf er- 
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ential sections of ePTFE 46 are important, because the 
longitudinal sections 48 are completely laminated to the 
underlying graft 20 and act as "anti-compression" devic- 
es by resisting the shortening of the structure 10 (the 
double thickness of ePTFE resists telescoping of the s 
longitudinal sections 48). The width of the circumferen- 
tial sections 46 and the longitudinal sections 48 control 
longitudinal strength and stability versus lateral flexibil- 
ity. By adjusting these parameters, grafts can be made 
more or less flexible with greater or lesser anti-compres- 1 o 
sion strength. In the preferred embodiment, four longi- 
tudinal sections 48 are formed and the ends of the struc- 
ture 1 0 are completely encapsulated for greater stability. 
Of course, a larger number of longitudinal sections 48 
could be formed. Also the longitudinal sections 48 may is 
themselves zigzag or may be helically arranged de- 
pending on how the openings 44 are cut into the sleeve 
42. Each different structure will possess different prop- 
erties. Similarly, the circumferential sections 46 can 
have different forms and may be undulating. There is 20 
nothing to preclude a covering with a more complex pat- 
tern where circumferential sections and longitudinal 
sections are difficult to discern or are even nonexistent 
[0016] A second embodiment of the present invention 
can be seen in Figs. 4-6. Instead of having a "lacey" graft 25 
structure, a slitted outer sleeve is used to provide partial 
encapsulation of the stent, the slits providing flexibility 
to the structure, allowing the stent to expand and retract 
more readily. In Fig. 4, four longitudinal slits 52 run the 
length of the stent, leaving 5 to 10mm of uncut sleeve 30 
at the ends. The slits are formed at 0°, 90°, 180°, and 
270°, and are oriented to pass over a peak portion of 
each zigzag ring stent 30 (Fig. 6). Fig. 5 shows circum- 
ferential slits 62, wherein slits are cut circumferentially 
around the sleeve 60 at spaced intervals, preferably to 35 
coincide with a stent ring. At each radial section, two 
slits are cut around the circumference at evenly spaced 
intervals. In a first radial section, the slits span from 0° 
to 90° and from 180° to 270°. Each successive radial 
section has a pair of slits which are offset 90° from the *o 
previous pair. Thus, a second radial section will have 
slits spanning from 90° to 1 80° and from 270° to 0°. Be- 
side the configurations shown in Figs. 4 and 5, a number 
of other slit configurations are possible, including diag- 
onal and sinusoidal as will be appreciated by one skilled 4 * 
in the art. As shown in Fig. 6, a sleeve 70 is placed over 
the ring stents 30 and the underlying tubular graft 20 to 
form a new structure 80. The longitudinal slits 72, which 
are cut into sleeve 70, differ from the slits 52 shown in 
Fig. 4 in that they do not span the length of the structure so 
80 and are staggered around the circumference of the 
sleeve 70. Ideally, the slits are aligned over the peaks 
in the zigzag ring stents 30. Once the slits 72 are cut 
into the sleeve 70 using any of the known methods, the 
structure 80 is exposed to heat and pressure, such as ss 
that caused by wrapping with PTFE tape and heating in 
an oven, thereby causing the ePTFE regions of the slit- 
ted graft 70 to fuse or laminate to the tubular graft 20. 



The slits 72 in the slitted outer sleeve 70 can be f ormed 
by using a C0 2 laser, razor blade or any other suitable 
technique known in the art. The slits enhance the flexi- 
bility of the encapsulated structure and allow radial ex- 
pansion without tearing of the ePTFE. In addition, a plu- 
rality of slits help the expanded graft to grip onto the ves- 
sel wall. This is particularly important where an encap- 
sulated stent graft is spanning a region of damaged or 
weakened vessel as in an aneurysm. Further, during the 
healing process tissues readily grow into the slits further 
anchoring the graft to the vessel wall. 
[0017] An advantage that cutting slits into an ePTFE 
sleeve offers is that it is somewhat easier to manufac- 
ture than is the "lacey" graft. Because no material is re- 
moved the sleeve is somewhat stronger than a "lacey 
graft". There are a multitude of configurations possible, 
including cutting the slits in asymmetric fashion to 
achieve desired results, such as using radial, longitudi- 
nal and diagonal cuts simultaneously. Moreover, a 
greater number of slits can be cut into a region of the 
structure in which greater expansion is desired. 
[0018] Although the above examples are described 
with the "lacey" and slitted grafts being placed over a 
stent which is itself placed over a tubular graft, this ori- 
entation can be readily reversed. That is, the "lacey" or 
slitted grafts can be placed on a mandrel; a stent or 
stents can be then placed over the "lacey" or slitted 
grafts, and a tubular graft can be then placed over the 
stent or stents. This results in a structure wherein part 
or much of the luminal surface is provided by the outer 
graft, resulting in superior healing as only a single layer 
of ePTFE would separate body tissues from the blood. 
Similarly, a structure with two "lacey" or slitted grafts is 
possible. By keeping the openings in one graft out of 
phase with those in the other graft a blood tight structure 
results. Nevertheless, a majority of the final surface area 
of the device would comprise a single layer separating 
body tissue from the circulating blood. Only the area ac- 
tually occupied by the stent(s) and by overlap between 
the two grafts would present a barrier to cellular infiltra- 
tion. Further such a structure would have a smaller pro- 
file when compressed because the overall amount of 
PTFE is reduced. Likewise, a combination of the "lacey" 
graft and slitted graft could be employed. 
[0019] Zigzag stent rings have been illustrated, but it 
should be apparent that the inventive concepts de- 
scribed above would be equally applicable to sinusoidal 
and other stent designs. The described embodiments 
are to be considered illustrative rather than restrictive. 
The invention is further defined by the following claims. 



Claims 

1 . A radially expandable reinforced vascular graft (1 0), 
comprising a first (20) and a second (40, 42, 50, 60, 
70) expanded polytetrafluoroethylene layer and a 
radially expandable support layer comprising at 
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least one stent (30), wherein the support layer (30) 
is in contact with a surface of the first expanded pol- 
ytetrafluoroethylene layer (20) and is secured 
thereto by the second expanded polytetrafluoroeth- 
ylene layer (40, 42, 50, 60, 70), characterized in 5 
that at least one of the expanded polytetrafluor- 
oethylene layers (20, 40, 42, 50, 60, 70) includes a 
plurality of spaced apart apertures (44, 52, 62, 72) 
cut directly therein, adapted to leave at least a por- 
tion of the support layer unsecured. 1C 

2. The radially expandable reinforced vascular graft 
(10) according to claim 1 , wherein the second ex- 
panded polytetrafluoroethylene layer 
(40,42,50,60,70) includes said plurality of spaced « 
apart apertures. 

3. The radially expandable reinforced vascular graft 
according to claim 1 , wherein both the first and sec- 
ond expanded polytetrafluoroethylene layers (20, * 
40, 42, 50, 60, 70) include a plurality of spaced apart 
apertures (44, 52, 62, 72) wherein the apertures in 
the first expanded polytetrafluoroethylene layer 
(20) are adapted to be aligned out of phase with the 
apertures in the second expanded polytetrafluor- * 
oethylene layer. 

4. A radially expandable reinforced vascular graft as 
in any one of the preceding claims, wherein the ap- 
ertures further comprise slits (52, 62, 72). 3 

5. The radially expandable reinforced vascular graft 
according to claim 3, wherein the apertures in the 
first (20) or second (40) expanded polytetrafluor- 
oethylene layer further comprise slits. * 

6. A radially expandable reinforced vascular graft as 
in claims 4 or 5, wherein the slits (52, 72) are ori- 
ented longitudinally. 

* 

7. The radially expandable reinforced vascular graft 
as in claims 4 or 5, wherein the slits (62) are oriented 
circumferentially. 

8. A radially expandable reinforced vascular graft as - 
in any of the preceding claims; wherein the radially 
expandable support layer comprises a plurality of 
ring stents (30). 

9. The radially expandable reinforced vascular graft ■ 
according to claim 8, wherein each of the ring stents 
(30) is formed in a zigzag pattern of alternating 
peaks and valleys. 

10. The radially expandable reinforced vascular graft 
according to claim 9, wherein the zigzag ring stents 
(30) are adapted to be aligned with the alternating 
peaks and valleys in phase. 



11. The radially expandable reinforced vascular graft 
as in any of the preceding claims, wherein the stent 
is made of metal. 

5 12. The radially expandable reinforced vascular graft 
as in any of the preceding claims, wherein at least 
one end of the radially expandable reinforced vas- 
cular graft is fully encapsulated. 

10 13. A method for making a partially encapsulated radi- 
ally expandable reinforced vascular graft (1 0), com- 
prising providing a first expanded polytetrafluor- 
oethylene layer of material (20), providing a second 
expanded polytetrafluoroethylene layer of material 
15 (40, 42, 50, 60, 70), disposing a radially expandable 
support layer comprising at least one stent (30) over 
the first expanded polytetrafluoroethylene layer, 
placing the second expanded polytetrafluoroethyl- 
ene layer (40, 42, 50, 60, 70) over the radially ex- 
20 pandable support layer (30), and laminating the 
second expanded polytetrafluoroethylene layer 
(40, 42, 50, 60, 70) to the first expanded poly- 
tetrafluoroethylene layer, characterized by cutting 
a plurality of apertures (44, 52, 62, 72) into at least 
25 one of the expanded polytetrafluoroethylene layers 
(20, 40, 42, 50, 60, 70) and positioning the aper- 
tures (44, 52, 62, 72) with respect to the support 
layer, leaving a portion of the support layer exposed 
through the apertures. 

30 

14. The method according to claim 13, wherein the ra- 
dially expandable support layer comprises a plural- 
ity of ring stents (30) formed in a zigzag pattern of 
alternating peaks and valleys, wherein the dispos- 

35 ing step further comprises disposing the peaks and 
valleys of successive stents in phase. 

15. The method as in claims 13 or 14, further compris- 
ing the step of fully encapsulating at least one end 

40 of the radially expandable reinforced vascular graft. 

16. A method for making a partially encapsulated radi- 
ally expandable reinforced vascular graft, compris- 
ing providing a first expanded polytetrafluoroethyl- 

45 ene layer of material (20), providing a second ex- 
panded polytetrafluoroethylene layer of material 
(40), disposing a radially expandable support layer 
comprising at least one stent (30) over the first ex- 
panded polytetrafluoroethylene layer (20), placing 
50 the second expanded polytetrafluoroethylene layer 
(40, 42, 50, 60, 70) over the radially expandable 
support layer (30), and laminating the second ex- 
panded polytetrafluoroethylene layer . (40, 42, 50, 
60, 70) to the first expanded polytetrafluoroethylene 
55 layer (20), characterized by cutting a plurality of 
slits (52, 62, 72) into at least one of the tubular ex- 
panded polytetrafluoroethylene layers (50, 60, 70) 
and positioning the slits (52, 62, 72) to span at least 
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a portion of the radially expandable support layer. 

17. The method according to claim 16, wherein the ra- 
dially expandable support layer comprises a plural- 
ity of ring stents (30) formed in a zigzag pattern of 
alternating peaks and valleys, wherein the dispos- 
ing step further comprises disposing said peaks and 
valleys of successive stents in phase. 

1 8. The method as in claims 1 6 or 1 7, further compris- 
ing the step of fully encapsulating at least one end 
of the radially expandable reinforced vascular graft. 



PatentansprGche 

1. Radial ausdehnbares verstarktes GefaBtransplan- 
tat (10) mit einer ersten (20) und einer zwelten (40, 
42, 50, 60, 70) ausgedehnten Polytetrafluorethylen- 
schicht und einer radial ausdehnbaren Stutz- 
schicht, die zumindest einen Stent (30) aufweist, 
wobei die Stutzschicht (30) in Kontakt mit einer 
Oberfiache der ersten ausgedehnten Polytetrafluo- 
rethylenschicht (20) ist und darin mittels der zweiten 
ausgedehnten Polytetrafluorethylenschicht (20, 40, 
42, 50, 60, 70) befestigt ist, dadurch gekennzelch- 
net, dass zumindest eine der ausgedehnten Poly- 
tetrafluorethylenschichten (20, 40, 42, 50, 60, 70) 
mehrere beabstandete Offnungen (44, 52, 62, 72) 
beinhaltet, die direkt dort hineingeschnitten sind 
und dazu angepasstsind, zumindest einen Bereich 
der Stutzschicht unbef estigt zu lassen . 

2. Radial ausdehnbares verstarktes GefaBtransplan- 
tat (10) nach Anspruch 1, wobei die zweite ausge- 
dehnte Polytetrafluorethylenschicht (40, 42, 50, 60, 
70) die mehreren beabstandeten Offnungen be- 
inhaltet. 

3. Radial ausdehnbares verstarktes GefaBtransplan- 
tat (1 0) nach Anspruch 1 , wobei die sowohl die erste 
als auch die zweite ausgedehnte Polytetrafluore- 
thylenschicht (20, 40, 42, 50, 60, 70) mehrere be- 
abstandete Offnungen (44, 52, 62, 72) aufweisen, 
wobei die Offnungen in der ersten ausgedehnten 
Polytetrafluorethylenschicht (20) dazu angepasst 
sind, auBer Phase mit den Offnungen in der zweiten 
ausgedehnten Polytetrafluorethylenschicht ausge- 
richtet zu sein. 

4. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach einem der vorangehenden Anspruche, wo- 
bei die Offnungen auBerdem aus Schlitzen (52, 62, 
72) bestehen. 

5. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach Anspruch 3, wobei die Offnungen in der 
ersten (20) oder der zweiten (40) ausgedehnten Po- 



lytetrafluorethylenschicht auBerdem aus Schlitzen 
bestehen. 

6. Radial ausdehnbares verstarktes GefaBtransplan- 
5 tat nach Anspruch 4 oder 5, wobei die Schlitze (52, 

72) in Langsrichtung orientiert sind. 

7. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach Anspruch 4 oder 5, wobei die Schlitze (62) 

10 in Umfangsrichtung orientiert sind. 

8. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach einem der vorangehenden Anspruche, wo- 
bei die radial ausdehnbare Stutzschicht mehrere 

15 Ringstents (30) beinhaltet. 



9. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach Anspruch 8, wobei jeder der Ringstents 
(30) in einem Zick-Zack-Muster aus sich abwech- 

20 selnden Spitzen und Talern ausgeformt ist. 

10. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach Anspruch 9, wobei die Zick-Zack- Ring- 
stents (30) dazu angepasst sind, mit den abwech- 

25 selnden Spitzen und Talern in Phase ausgerichtet 
zu sein. 

11. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach einem der vorangehenden Anspruche, wo- 

30 bet der Stent aus Metall besteht. 

12. Radial ausdehnbares verstarktes GefaBtransplan- 
tat nach einem der vorangehenden Anspruche, wo- 
bei zumindest ein Ende des radial ausdehnbaren 

35 verstarkten GefaBimplantats vollstandig eingekap- 
sett ist. 

1 3. Verfahren zur Herstellung eines teilweise eingekap- 
selten radial ausdehnbaren verstarkten GefaBim- 

40 plantats (10), mit den folgenden Schritten: Vorse- 
hen einer ersten ausgedehnten Polytetrafluorethy- 
lenschicht aus Material (20), Vorsehen einer zwei- 
ten ausgedehnten Polytetrafluorethylenschicht aus 
Material (40, 42, 50, 60, 70), 20), Anordnen einer 

45 radial ausdehnbaren Stutzschicht, die zumindest 
einen Stent (30) einschlieBt, uber der ersten aus- 
gedehnten Polytetrafluorethylenschicht, Platzieren 
der zweiten ausgedehnten Polytetrafluorethylen- 
schicht (40, 42, 50, 60, 70) uber der radial ausdehn- 

so baren Stutzschicht (30), und Laminieren der zwei- 
ten ausgedehnten Polytetrafluorethylenschicht (40, 
42, 50, 60, 70) auf die erste ausgedehnte Polyte- 
trafluorethylenschicht, gekennzelchnet durch: 
das Schneiden von mehreren Offnungen (44, 52, 

55 62, 72) in zumindest eine der ausgedehnten Poly- 
tetrafluorethylenschichten (20, 40, 42, 50, 60, 70) 
und das Positionieren der Offnungen (44, 52, 62, 
72) der Stutzschicht, wobei ein Bereich der Stutz- 
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schicht durch die Offnungen hindurch freiliegend 
geiassen wird. 

14. Verfahren nach Anspruch 13, wobei die radial aus- 
dehnbare Stutzschicht mehrere Ringstents (30) 
aufweist, die in einem Zick-Zack-Muster aus sich 
abwechselnden Talem und Spitzen ausgeformt 
sind, wobei der Schritt des Anordnens auBerdem 
das Anordnen der Taler und Spitzen von aufeinan- 
derfolgenden Stents in Phase beinhaltet. 

15. Verfahren nach Anspruch 13 oder 14, weiter mit 
dem Schritt des vollstandigen Einkapselns zumin- 
dest eines Endes des radial ausdehnbaren ver- 
starkten GefaBimplantats. 

16. Verfahren zurHerstellung eines teilweise eingekap- 
selten radial ausdehnbaren, verstarkten GefaBim- 
plantats (10), mit den folgenden Schritten: Vorse- 
hen einer ersten ausgedehnten Polytetrafluorethy- 
lenschicht aus Material (20), Vorsehen einer zwei- 
ten ausgedehnten Polytetrafluorethylenschicht aus 
Material (40, 42, 50, 60, 70), 20), Anordnen einer 
radial ausdehnbaren Stutzschicht, die zumindest 
einen Stent (30) einschlieBt, iiber der ersten aus- 
gedehnten Polytetrafluorethylenschicht, Platzieren 
der zweiten ausgedehnten Polytetrafluorethylen- 
schicht (40, 42, 50, 60, 70) uber der radial ausdehn- 
baren Stutzschicht (30), und Laminieren der zwei- 
ten ausgedehnten Polytetrafluorethylenschicht (40, 
42, 50, 60, 70) auf die erste ausgedehnte Polyte- 
trafluorethylenschicht, gekennzeichnet durch: 
das Schneiden von mehreren Schlitzen (52, 62, 72) 
in zumindest eine der rohrenformigen ausgedehn- 
ten Polytetrafluorethylenschichten (50, 60, 70) und 
Positionieren der Schlitze (52, 62, 72), so dass sie 
zumindest einen Bereich der radial ausdehnbaren 
Stutzschicht uberspannen. 

17. Verfahren nach Anspruch 16, wobei die radial aus- 
dehnbare Stutzschicht mehrere Ringstents (30) 
aufweist, die in einem Zick-Zack-Muster aus sich 
abwechselnden Spitzen und Talem ausgeformt 
sind, wobei der Schritt des Anordnens auBerdem 
das Anordnen der Spitzen und Taler von aufeinan- 
derfolgenden Stents in Phase aufweist. 

18. Verfahren nach Anspruch 16 oder 17, weiter mit 
dem Schritt des vollstandigen Einkapselns zumin- 
dest eines Endes des radial ausdehnbaren ver- 
starkten GefaBimplantats. 



Revendications 

1. Greffe vasculaire renforcee dilatable de facon ra- 
diale (1 0), comprenant une premiere (20) et une se- 
conde (40, 42, 50, 60, 70) couche de polytetrafluo- 



methylene expanse et une couche de support dila- 
table de facon radiale comprenant au moins un 
stent (30), dans laquelle la couche de support (30) 
est en contact avec une surface de la premiere cou- 

5 che de polytetrafluoroethylene expanse (20) et est 
fixee a celle-ci par la seconde couche de polyt6tra- 
fluoroethylene expanse (40, 42, 50, 60, 70), carac- 
terlsee en ce qu'au moins I'une des couches de 
polytetrafluoroethylene expanse (20, 40, 42, 50, 60, 

w 70) contient une pluralite d'ouvertures espacees 
(44, 52, 62, 72) directement coupees dans celle-ci, 
adaptees pour laisser au moins une partie de la 
couche de support non fixee. 

is 2. Greffe vasculaire renforcee dilatable de facon ra- 
diale (1 0) selon la revendication 1 , dans laquelle ia 
seconde couche de polytetrafluoroethylene expan- 
se (40, 42, 50, 60, 70) inclut ladite pluralite d'ouver- 
tures espacees. 

20 

3. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon la revendication 1 , dans laquelle la pre- 
miere et la seconde couches (20, 40, 42, 50, 60, 70) 
de polytetrafluoro6thylene expanse contiennent 

25 une pluralite d'ouvertures espacees (44, 52, 62, 
72), dans laquelle les ouvertures dans la premiere 
couche de polytetrafluoroethylene expanse (20) 
sont adaptees pour etre alignees en decalage avec 
les ouvertures dans la seconde couche de polyte- 

30 trafluoroethylene expanse. 

4. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon l'une quelconque des revendications 
precedentes, dans laquelle les ouvertures com- 

35 prennent en plus des fentes (52, 62, 72). 

5. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon la revendication 3, dans laquelle les 
ouvertures dans la premiere (20) ou la seconde (40) 

40 couche de polytetrafluoroethylene expanse com- 
prend en plus des fentes. 

6. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon la revendication 4 ou 5, dans laquelle 

45 les fentes (52, 72) sont orientees de facon longitu- 
dinale. 

7. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon la revendication 4 ou 5, dans laquelle 

so les fentes (62) sont orientees de facon circonferen- 
tielte. 

8. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon l'une quelconque des revendications 

55 precedentes, dans laquelle ia couche de support di- 
latable de facon radiale comprend une pluralite de 
stents circulates (30). 
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9. Greffe vasculaire renforcee dilatable de facon ra- 
dialeselon la revendicatlon 8, dans laquellechacun 
des stents circulates (30) est forme selon un motif 
en zigzag d'alternance de pics et de vallees. 

10. Greffe vasculaire renforcee dilatable de facon ra- 
diale selon la revendication 9, dans laquelle les 
stents circulaires en zigzag (30) sont adaptes pour 
etre alignes en phase avec les alternances de pics 
et de vallees. 

11. Greffe vasculaire renforcee dilatable de facon ra- 
diate selon Tune quelconque des revendications 
precedentes, dans laquelle le stent est en metal. 

12. Greffe vasculaire renforcee dilatable de facon ra- 
diate selon Tune quelconque des revendications 
precedentes, dans laquelle au moins une extremite 
de la greffe vasculaire renforcee dilatable de facon 
radiate est completement encapsulee. 

13. Procede de fabrication d'une greffe vasculaire ren- 
forcee dilatable de facon radiate (10) partiellement 
encapsulee, comprenant les etapes consistant a 
fournir une premiere couche de materiau en poly- 
tetrafluoroethylene expanse (20), a foumir une se- 
conde couche de materiau en polytetrafluoroethy- 
lene expanse (40, 42, 50, 60, 70), a disposer une 
couche de support dilatable de facon radiate com- 
prenant au moins un stent (30) sur la premiere cou- 
che en polytetrafluoroethylene expanse, a placer la 
seconde couche en polytetrafluoroethylene expan- 
se (40, 42, 50, 60, 70) sur la couche de support di- 
latable de facon radiate (30), et a laminer la secon- 
de couche en polyt6trafluoro6thylene expanse (40, 
42, 50, 60, 70) a la premiere couche en polytetra- 
fluoroethylene expanse, caracterise par les eta- 
pes consistant a couper une pluralite d'ouvertures 
(44, 52, 62, 72) dans au moins I'une des couches 
en polytetrafluoroethylene expanse (20, 40, 42, 50, 
60, 70) et a positionner les ouvertures (44, 52, 62 
72) par rapport a la couche de support, en laissant 
une partie de la couche de support exposee au tra- 
vers des ouvertures. 

14. Procede selon la revendication 13, dans lequel la 
couche de support dilatable de facon radiate com- 
prend une pluralite de stents circulaires (30) formes 
selon un motif en zigzag d'afternances de pics et de 
vallees, dans lequel I'etape de disposition com- 
prend en plus !e fart de disposer en phase les pics 
et les vallees des stents successifs. 

15. Procede selon la revendication 13 ou 14, compre- 
nant en plus I'etape ^encapsulation totale d'au 
moins une extremite de la greffe vasculaire renfor- 
cee dilatable de facon radiate. 



16. Procede de fabrication d'une greffe vasculaire ren- 
forcee dilatable de facon radiate partiellement en- 
capsulee, comprenant les etapes consistant a four- 
nir une premiere couche de materiau en polytetra- 

5 fluoroethylene expanse (20), a fournir une seconde 
couche de materiau en polytetrafluoroethylene ex- 
panse (40), a disposer une couche de support dila- 
table de facon radiate comprenant au moins un 
stent (30) sur la premiere couche en polytetrafluo- 

10 methylene expanse (20), a placer la seconde cou- 
che en polytetrafluoroethylene expanse (40, 42, 50, 
60, 70) sur la couche de support dilatable de facon 
radiate (30), et a laminer la seconde couche en po- 
lytetrafluoroethylene expanse (40, 42, 50, 60, 70) a 

15 la premiere couche en polytetrafluoroethylene ex- 
panse (20), caracterise par le fait de couper une 
pluralite de fentes (52, 62, 72) dans au moins une 
des couches tubulaires en polytetrafluoroethylene 
expanse (50, 60, 70) et te fart de positionner les fen- 

20 tes (52, 62, 72) pour relier au moins une partie de 
la couche de support dilatable de facon radiale. 

17. Procede selon la revendication 16, dans lequel la 
couche de support dilatable de facon radiale com- 

25 prend une pluralite de stents circulaires (30) formes 
selon un motif en zigzag d'alternance de pics et de 
vallees, dans lequel I'etape de disposition com- 
prend en plus le fait de disposer en phase lesdits 
pics et vallees des stents successifs. 

30 

18. Procede selon Tune des revendications 16 ou 17, 
comprenant en plus I'etape decapsulation totale 
d'au moins une extremite de ia greffe vasculaire 
renforcee dilatable de facon radiale. 

35 



40 



45 



50 



55 



8 



EP1 148 843 B1 




9 



EP1 148 843 B1 




10 



